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[57] ABSTRACT

A device for limiting the current in an a.c.motor having
a commutator adapted to be supplied with current by a
single-phase current source. The device comprising a
triggerable silicon-controlled rectifier component con-
nected in series with the motor and in parallel with an
RC phase-shifting circuit furnishing the controt voltage
of the rectifier component. The capacitive branch of the
RC circuit is connected in parallel with a shunt circuit
which shunts a certain quantity of the charging current
of the branch for modifying the trigger instants of the
rectifier component. The shunt circuit comprises two
transistors of opposed conductivity types which are
connected with a common emitter configuration, the
collector-emitter circuits of the transistors being con-
nected in parallel with the capacitive branch. The limit-
ing device further comprises a control circuit furnishing
two d.c. control signals whose magnitudes are a func-
tion of the intensities of the two half-cycles of the cur-
rent flowing in the rectifier component. The bases of
the transistors are respectively subjected to the control
signals so that the shunt circuit can shunt, beyond a
predetermined current threshold of the current in the
motor, a notable part of the two half-cycles of each
period of the current.

5 Claims, 8 Drawing Figures
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CURRENT LIMITING DEVICE FOR AN A.C.
MOTOR

2

transistors being connected in parallel to said capacitive
branch whereas the bases of said transistors are sub-
jected to said control signals.

Further features of the invention will be apparent

The present invention relates to the supply of current 5 from the ensuing description.

to electric motors from a source of a.c. current such as
the mains, by means of a triggerable bidirectional semi-
conductor device or silicon controlled rectifier, by
phase-shifting a control current with respect to the

current flowing in the motor. More particularly, the
invention concerns a device whereby it is possible to

limit the current in an electric motor of the universal
a.c. type having a commutator employed in particular in
electric handtools.

It 1s known to employ for regulating the speed of this
type of motor a supply device comprising one or more
semi-conductor components such as triacs or thyristors
which may be triggered at a predetermined instant in
the course of each half-cycle of the supply voltage. For
this purpose, these components comprise a trigger elec-
trode to which there is applied a control voltage whose
phase relative to the supply voltage may be regulated
by means of an RC circuit connected to said trigger
electrode. | o

It 1s also known to protect these universal motors
against overloads which result in excessive current
intensities, by means of thermal circuit-breakers which
break the passage of the current in the motor in the
event of prolonged overload. The major drawback of
these circuit-breakers, apart from their doubtful preci-
sion, is the necessity to wait for the cooling of their
heating element, which may last several minutes, for
rearming. It is then impossible to rotate the motor in the
no-load state to cool it by ventilation and this results in
lost time in the work.

An object of the invention is to provide a current
limiting device which does not have these drawbacks.
More particularly, the object of the invention is to pro-
vide a device for protecting against overloads which
operates automatically and is of small overall size and
cheap so as to permit its incorporation in particular in
handtools. The device according to the invention is
precise and immediate in its action, and the cessation of
the overload immediately results in a normal operation
of the motor so that it can be cooled by ventilation
without delay. This immediate action consequently
enables this device to act advantageously at the moment
of starting up the motor which is thus protected and
thereby reduces mechanical shocks and demands on the
supply source.

According to the invention, there is provided a de-
vice for limiting the current in an a.c. motor having a
commutator intended to be supplied with current by a
single-phase a.c. current source, of the type comprising
a triggerable silicon-controlled rectifier component
connected in series with said motor and in parallel with
an RC phase-shifting circuit furnishing the control volt-
age of said rectifier component, the capacitive branch of
said RC circuit being connected in parallel with a shunt
circuit which shunts a certain quantity of the charging
current of said branch so as to modify the triggering
instants of said component, said device further COmpTris-
Ing a control circuit furnishing two d.c. control signals
whose magnitudes are a function of the intensities of the
two half-cycles of the current flowing in said compo-
nent and said shunt circuit comprises two transistors of
opposed conductivity types which are connected with a
common emitter, the collector-emitter circuits of said
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In the accompanying drawings given solely by way
of example:

FIG. 1 is a simplified diagram of the current limiting
device according to the invention;

FIG. 2 is a detailed diagram of said device:

FIG. 3 is a partial diagram of the device in accor-
dance with a modification;

FIG. 4 is a graph of the current induced as a function
of the speed of rotation of a universal motor with which
the device according to the invention is associated:

FIGS. § and 6 are graphs, as a function of time, of the
base voltage of one of the transistors employed in this
device and of the current flowing in a triac of the de-
VICE;

FIG. 7 1s a graph of the voltage of the phase-shifting
capacitor of the triac as a function of time, the scale of
the times being distinctly enlarged with respect to
FIGS. 4 and 5, and

FIG. 8 is a graph to the same scale as FIG. 7 and
showing the base voltage of FIG. 5.

In the embodiment shown in FIGS. 1 and 2, the limit-
ing device according to the invention limits the current
in a motor M which is supplied with current by a single-
phase a.c. current source, for example the mains, con-
nected to terminals 1 and 2. In the known manner, the
motor M is connected to the terminals 1 and 2 in series
with a triggerable semi-conductor component of the
bidirectional type or silicon controlled rectifier,
namely, in the illustrated case, a triac 3 whose control
electrode 3%is connected to a diac 4 which is connected
to the intermediate terminal 5 of an RC phase-shifting
circuit comprising two resistors 6 and 7 and a capacitor
8 in series. This RC circuit is connected to the terminals
of the triac 3. |

The limiting device further comprises a current shunt
circuit 9 capable of acting on the charging current of
the capacitor 8 and thereby modifying in each half-
cycle the triggering instant of the triac 3 as a function of
a parameter which is generated in a control circuit 10
and 1s an image of the current flowing in the main cir-
cuit of the motor M and triac 3.

In FIG. 2, it is seen that the control circuit 10 com-
prises a resistor 11 connected in the main circuit of the
motor M and triac 3. The voltage at the terminals of this
resistor is directly proportional to the current flowing in
the main circuit. Of course, the image of the current
could be obtained by another series component such as,
for example, a transformer.

The junction between the resistor 11 and the triac 3 is
connected to a resistor 12 which is connected to two
networks 13, 14 for detecting the two half-cycles of the
signal at the terminals of the resistor 11. The detection
network 13 comprises a diode 15 whose cathode is
connected to the resistor 12 and whose anode is con-
nected to the junction between a resistor 16 and a ca-
pacitor 17. Likewise, the network 14 comprises a diode
18 which is connected to the resistor 12 and to a resistor
19 and a capacitor 10. A conductor 21 constitutes the
negative pole of this detection circuit and is connected
to the terminal 2. By means of this circuit, there appear
at the terminals 22 and 23 which constitute the output,
two +-ve and —ve voltages which are respectively
images of the positive and negative currents I flowing in
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the resistor 11. The resistor 12 determines the time con-
stant of the charging of the capacitors 17 and 20 and the
resistors 16 and 19 determine the time constants of the
discharging.

The current shunt circuit 9 comprises two transistors
24 and 25 of opposed conductivity types which are
connected with a common emitter.

The emitters of these transistors are all connected to
a resistor 26 which is connected to the point of junction
of the triac 3 and the resistor 11. The resistor 26 has a
double function, namely it permits compensating for
possible deviations of the parameters of the transistors
24 and 25 and it permits limiting the gain of these tran-
sistors so as to damp their switching action and thereby
avoid an excessively abrupt operation of the device.
The base of the transistor 24 is connected through a
resistor 27 to the terminal 22 of the control circuit 10
and the base of the transistor 25 1s connected to the
terminal 23 of the same circuit through a resistor 28.
These bases are also connected through resistors 28 and
30 respectively to the point of junction between the
resistors 6 and 7 of the RC circuit 6, 7, 8.

The collectors of the transistors are respectively con-
nected through protection diodes 31 and 32 connected
in opposed relation to a common collector resistor 33
which 1s connected to the junction point 5 of the RC
circuit 6, 7, 8.

The operation is as follows (FIGS. 4 to 8):

While the current in the motor has a value lower than
a threshold value considered as the limit not to be ex-
ceeded, the values of the +ve and —ve voltages fur-

nished by the control circuit 10 are too weak to cause
the conduction of the transistors 24 and 23. Under these
conditions, the maximum voltage at the triggering ca-
pacitor 8 is solely determined by the resistors 6 and 7
(one of which is preferably adjustable to permit speed
regulation). However, when the intensity of the current
flowing through the motor and the resistor 11 reaches a
sufficient value, the diodes 15 and 18 each start to con-
duct the respective half-cycle of the voltage produced
at the terminals of this resistor 11. The capacitors 17 and
20 are charged at the rhythm of the periods of this
voltage. If the intensity of the current in the charge is
such that the +ve and —ve voltages are sufficiently
high, the threshold of conduction of the transistors 24
and 25 i1s reached, the —ve and -+ve voltages being
applied to their respective base through the resistors 27
and 28.

FIG. 3 shows for a single half-cycle the base voltage
of the corresponding transistor 24 or 25, the other half-
cycle giving the same base voltage curve for the other
transistor. The conduction threshold is indicated by the
line s. Therefore, when the peak value of the base volt-
age (or the maximum value of the 4 ve or —ve voltage)
exceeds the conduction threshold of the corresponding
transistor, the latter starts to shunt the current by taking
off a certain quantity of the charge current of the capac-
itor 8.

FIGS. 7 and 8 are drawn to an enlarged time scale
and represent respectively for a single half-cycle (for
example the first half-cycle of FIG. §), the shape of the
charge voltage U_of the capacitor 8 and of the +ve or
—ve voltage. During the conduction period ¢, of the
concerned transistor, the charge curve of the capacitor
8 1s inclined and the trigger voltage is not reached dur-
ing a period £, (in the case where there would be no
conduction) but during a period ¢; which is longer than
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the period #,. There is in fact a delay of the instant of '

4

triggering the triac 3 which coincides with the end of
the period ¢,.

Assuming that during a half-cycle the load on the
motor does not decrease, the peak value of the current
I increases and compensates for the reduction of the
passage time #, (FIG. 6) of the triac 3. Consequently
(FIG. 8), there 1s an increase 1n the absolute value of the
+ve and —ve voltages and, as the thresholds of the
diodes 15 and 18 are more distinctly exceeded, the
shunting of the charge current of the capacitor 8 starts
sooner in the half-cycle and is more energetic. But it
also lasts longer (¢, #,""), since the charge of the capaci-
tor 8 lasts longer. -

It will be understood that from half-cycle to half-
cycle the phenomenon 1s cumulative and tends rapidly
towards a state of equilibrium which depends in particu-
lar on the judicious choice of the charging and dis-
charging parameters of the capacitors 17 and 20. The
result is the current/speed of rotation curve shown in
FIG. 4. It can be seen that, beyond a certain intensity
I, of the current I there 1s obtained the break-off (the
rotor no longer follows the rotating field of the stator)
and the rapid blocking of the motor which corresponds
to the stoppage of the motor when the load exceeds a
given value. However, the motor is stopped during a
flow of a limited current I, in the motor, this current
having a value which is distinctly lower than the value
of the threshold current 1.

When the overload of the motor ceases, the motor
rapidly resumes its no-load speed N, and can thus be

rapldly and energetically cooled. The motor can be
almost immediately once more put under load.

The limiting device may also act when starting up the
motor, since its action 1s extremely rapid (a few half-
cycles). It can therefore operate as a starting device for
limiting mechanical shocks and reduce the current de-
mands on the supply source.

FIG. 3 shows a modification of the limiting device in
which the bases of the transistors 24 and 25 are con-
nected solely to the respective outputs 22 and 23 of the
conirol circuit 10. Consequently, they only receive the
+ve and —ve voltages and not a fraction of the voltage
which 1s established at the terminals of the RC circuit 6,
7, 8 and which, 1n the case of FIG. 2, 1s superimposed on
the +ve or —ve voltage. The shape of the intensity/-
speed curve is then.that of the section x of FIG. 4. Thus
it can be seen that the value of the current after opera-
tion of the threshold is distinctly higher than in the case
of F1G. 2. For certain chosen values of the components,
it is even possible to operate the motor at a precise point
of operation P which permits avoiding the blocking of
the motor. However, if the blocking is not inconve-
nient, it is preferable to employ the embodiment shown
in FIG. 2 which produces with certainty a blocking of
the motor with a low intensity of the current, the block-
ing being an indication to the user that the motor is
overloaded. The reduction in the intensity of the cur-
rent upon overloading is obtained above all by the su-
perimposition on the 4 ve and —ve voltages of a frac-
tion of the voltage at the terminals of the RC circuit,
which permits triggering the transistors 24 and 25
sooner in each respective half-cycle. In fact, this
amounts to accelerating the procedure for stopping the
motor which thus stops within only a few half-cycles
when there is an overload.

Having now described my invention what I claim as
new and desire to secure by Letters Patent is:
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1. A device for limiting the current in an a.c. motor
having a commutator and for connection to a single-
phase a.c. current source, the device comprising an RC
phase-shifting circuit, a triggerable silicon-controlled
rectifier component connected in series with said motor
and in parallel with the RC phase-shifting circuit which
is for furnishing the control voltage of said rectifier
component, satd RC circuit having a capacitive branch,
a shunt circuit which is connected in parallel with said
RC circuit and shunts a certain quantity of the charging
current of said branch for modifying the trigger instants
of said component, said shunt circuit comprising two
transistors of opposed conductivity types and each
comprising a base, an emitter and a collector and con-
nected with a common emitter configuration, said tran-
sistors having collector-emitter circuits connected in
parallel with said capacitive branch, said limiting device
further comprising a control circuit furnishing two d.c.
control signals whose magnitudes are a function of the
intensities of the two half-cycles of the current flowing
in said rectifier component, the bases of said transistors
being connected to be respectively subjected to said
control signals so that said shunt circuit can shunt, be-
yond a predetermined current threshold of the current
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6

in the motor, a notable part of the two half-cycles of
each period of the current.

2. A device as claimed in claim 1, wherein a single
resistor which is connected to one of the terminals of
said rectifier component is connected to the emitters of
said transistors.

3. A device as claimed in claim 1, wherein the RC
circuit has an intermediate point and the bases of said
transistors are further connected to the intermediate
point, a resistor being interposed between said interme-
diate point and said bases.

4. A device as claimed in claim 1, wherein said con-
trol circuit comprises an element furnishing a measuring
voltage which is a function of the current flowing in
said rectifier component and a double rectifying and
smoothing circuit for respectively rectifying each half-
cycle of said measuring voltage, the rectifying and
smoothing parts of said rectifying circuit having outputs
respectively connected to the bases of said transistors.

5. A device as claimed in claim 1, wherein diodes for
protecting said transistors are inserted in the collector-

emitter circuit of said transistors.
. - % - x
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